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Perspective Piece
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Abstract. SARS-CoV-2, the etiologic agent of COVID-19, is shed in stool. SARS coronaviruses have been detected in
wastewater during outbreaks in China, Europe, and the United States. In this perspective, we outline the risk fecal
shedding poses at locations without safely managed sanitation, as in most of Nigeria where we work. We believe that
feco-oral transmission could occur if community transmission becomes high and sustained in densely populated cities
without proper sanitation inNigeria andmanyotherAfricanandAsian settings. In theabsenceof basic sanitation, orwhere
existing sanitation is not safelymanaged, groundwater, which is often drawn up fromwells and boreholes for drinking and
household use, can become contaminated with enteric bacteria and viruses from fecal matter. Endemic and epidemic
transmission of multiple feco-oral pathogens via this route continues to be documented in areas without safely managed
sanitation, and, therefore, the risk of SARS-CoV-2 transmission needs to be evaluated, tracked, and forestalled in such
settings. We suggest that fecal matter from treatment facilities and recovered patients should be carefully and properly
disposed. Furthermore, environmental surveillance of SARS-CoV-2 in wastewater and accumulated human waste, as
well as efforts tomitigate the virus’entry into unprotectedhouseholdwater sources, shouldbeapriority part of theCOVID-
19 response in settings without safely managed sanitation for the duration of the pandemic.
Every effort must be deployed to limit continued spread of
the etiologic agent of the COVID-19 pandemic. Mounting
evidence shows that SARS-CoV-2 is amplified in the gas-
trointestinal tracts of infected people, excreted in stool, and
detectable in wastewater at high levels1–3 (Rimoldi et al.,
2020; medRxiv preprint doi: https://doi.org/10.1101/2020.
05.01.20086009). We are concerned that, in areas without
safely managed sanitation, drinking and household water
supplies could become contaminated with the virus. This
potential risk of feco-oral transmission is highest in densely
populated urban centers.
SARS-CoV-2 has largely been transmitted via respiratory
droplets and fomites from infected persons to the respiratory
systems of susceptible individuals.4 However, the virus rep-
licates in gut enterocytes1 and is detected in stool from pa-
tients with severe or mild COVID-19, as well as from
presymptomatic and asymptomatic individuals.2,3 Recovered
COVID-19 patients may continue to shed virus for as long as
42 days after symptoms have ceased, even after they test
negative by conventional respiratory tests.3,5,6
Considerable concern has been expressed in the literature
that the feco-oral transmission potential for SARS-CoV-2
places endoscopists, caregivers of diapered children who
shed the virus,7 and fecal transplant recipients8 at high risk of
contracting the infection. For intestinal SARS-CoV-2 to
transmit via fecal matter, it would have to be viable when shed
andpersist in theenvironment until a countgreater thananoral
infective dose is ingested by a susceptible individual. The
cycle could potentially be shortcut by direct dissemination of
fecal matter inadvertently from person-to-person or by pests
like flies and cockroaches, or it could be broken if wastewater
or domestic water treatment inactivates SARS-CoV-2. Be-
cause wastewater treatment eradicates SARS-CoV-2 and
most of the worst affected countries have robust water puri-
fication systems, community feco-oral transmission has been
less extensively discussed.
Feco-orally transmitted pathogens are endemic in Nigeria,
which is among the top five countries worldwide contributing
to diarrhea-derived under-five mortality.9 A principal reason
why the burden from feco-oral pathogens is so high is that for
most Nigerians, sewage systems are nonfunctional, in-
completely functional, or nonexistent. Of six major northern
Nigeria cities conducting polio virus environmental surveil-
lance, only Abuja operates a sewage plant.10 In Lagos, there
aremultiple sewage treatment plants, but their performance is
suboptimal, and they therefore pose a risk of enteric pathogen
transmission to surrounding areas.11,12 Sewage handling ca-
pacity has not grown in tandem with the explosive and con-
tinued growth of this megacity so that coverage does not
extend to all residents. This situation prevails in many African
urbancenters and in somesouthAsian settings: between60%
and 95% of African city dwellers are not connected to sew-
erage and instead use a range of autonomous solutions or
resort to open defecation.13 As a result, fecal matter can be
deposited into the open environment, pour from toilets un-
connected to sewerage into surface water, or be buried un-
derground in soakaways and pits from where, if these
receptacles are not adequately protected, it can seep into
shallow wells used for irrigation, drinking, and household
purposes.10,13–15
According to theWHO/UNICEF, 663million people in Africa
and Asia do not have access to safe water, and diarrheal
disease is a major cause of illness and death in those pop-
ulations.16 In recent years, surveillance of household water at
a number of African and Asian locations has revealed fre-
quently found indicators of recent fecal contamination, such
as Escherichia coli, or outright pathogens, including enteric
viruses. In each case, links have been made to human or an-
imal open defecation, proximal latrines, or improperly pro-
cessed wastewater.17–19 In those settings, even pathogens
known not to persist or thrive in the environment are among
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those recovered from contaminated household water or
causing outbreaks.20,21 Although there are as yet no reports of
transmission of SARS-CoV-2 via sewage or fecal matter in
settings without safely managed sanitation, or recovery from
household water, these examples demonstrate that feco-oral
transmission by endemic pathogenic organisms is common-
place in these settings.
There is now convincing evidence, from countries with ad-
equate sanitation, that SARS-CoV-2 is present in feces,
around toilets, and in wastewater.2,22,23 Both SARS-CoV and
SARS-CoV-2 nucleic acid have been detected in wastewater
during outbreaks.22,24,25 Replicable virus is less commonly
reported, although it is less commonly sought, and has been
found. In laboratory studies, Wang et al.25 found that SARS-
CoV, the agent of the 2003 SARS epidemic, remains viable
in water for 14 days at 4C but for only 2 days at 20C,
suggesting that survival in tropical regions may be inade-
quate to sustain viability in stored water. However, corona-
viruses are protected by organic matter,26 and this will
greatly affect their survival under real-world conditions.
SARS-CoV-2 RNA has been detected in substantial con-
centrations in wastewater and downstream water bodies.27
Rimoldi et al. reported that SARS-CoV-2 is susceptible to
wastewater treatment and that viral infectiveness in waste-
water is negligible; viral RNAwas amplified in untreated but not
treated wastewater.28 Zhang and coworkers29 in another
preprint, however, found the China CDC-recommended
sodium hypochlorite treatment of wastewater to be ineffec-
tive for the removal of SARS-CoV-2 RNA. These studies
await peer review, and further investigation is needed to
clarify risks.
As noted by Lodder and de RodaHusman,22 early finding of
aCOVID-19 case in theUnitedStateswith no knownexposure
to an infected case suggests that a form other than human-to-
human respiratory transmission of COVID-19 may be possi-
ble. Additional evidence comes from a recently published
systematic review from Wuhan, which spotlighted a small
number of patients with diarrhea but no respiratory symp-
toms.30 However, most patients in this pandemic who could
have had the opportunity to be infected feco-orally to date
have also been exposed to respiratory droplets or fomites;
thus, the magnitude of the risk is challenging to gauge. Feco-
oral transmission nonetheless remains a valid, if untested,
hypothesis.1,2,22,26,30–33 Our review of the evidence sug-
gests that the risk of this mode of transmission in commu-
nities without basic sanitation may be high. Unfortunately,
countries without effective sanitation and water purification
are also those least likely to have the wherewithal to detect
live virus in environmental samples (detection of viral nucleic
acid does not infer infectivity) and therefore measure this
risk.10,34
As at the time of writing, most African and Asian cities
without basic or safely managed sanitation had reported rel-
atively few COVID-19 cases. However, case numbers are in-
creasing, and, as they rise, the viral load in untreated fecal
waste pools could escalate. This is particularly true of urban
settings experiencing rapid rises in case numbers such as
LagosandKano, twoNigerianmegacities. As atMay23, 2020,
the Nigerian Centre for Disease Control had confirmed 3,357
and 883 cases in these states, respectively, together repre-
senting 56.3% of the number of cases nationally. Because of
occupancy pressures on isolation facilities, most Nigerian
cities have erectedmakeshift isolation and treatment facilities
for patients who have tested positive, to supplement the few
facilities that were available at the start of the pandemic.
These new facilities often lie outside hospitals that manage
their own wastewater. The same pressures on treatment fa-
cilities mean that SARS-CoV-2–infected persons in Nigeria
are discharged as soon as two consecutive respiratory
swabs test negative: symptom free but likely shedding the
virus when they return to their communities. Other factors
could additionally combine to alter the risk of feco-oral SARS-
CoV-2 transmission. In Kathmandu, Nepal, where Salmonella
enterica Typhi and Paratyphi have been shown to leach into
the municipal water system, breaches occur more heavily
during the rains.35 We note that African countries on the up-
swing of their COVID-19 epidemics are just beginning the
rainy season. Rainy season sewage overflows can over-
whelm even properly managed wastewater plants, leading to
heightened enteric virus transmission.36 On the other hand, it
is possible that only very high counts of SARS-CoV-2 would
yield orally infectious doses. Thus, feco-oral transmission
mayonly occurwhen theepidemic reachesanas yet unknown
threshold. Either way, those at risk within those settings are
poor urban communities and informal settlements, which
have the worst sanitation options and access to health care.
Individuals could become infected even if they were able to
implement physical distancing recommendations, which
themselves are a challenge, and need to be decisively pro-
tected from fecal SARS-CoV-2.37
Possible options for halting feco-oral SARS-CoV-2 trans-
mission are disinfection of known open defecation sites, in-
tensifying handwashing messages, encouraging boiling or
chemical treatment of household water, and explicitly treating
waste from isolation and treatment facilities. Safer sewage
management should be instituted or reinstituted, as priority
where possible. These include ensuring that standard oper-
ating procedures are followed, and there are no interruptions
in sewage decontamination, as well as quality assurance to
ensure that decontamination goals are met.11 Stalled or
slowedsanitationprojects shouldbeexpedited, andnewones
could be explored. Individuals who have to work in or close to
wastewater handling facilities, particularly those operating
suboptimally, should be informed of their risk and provided
with protectionwhere feasible. In those situations, as research
from the 2003 SARS outbreak demonstrated, aerosolized vi-
rus poses a risk for respiratory transmission in addition to any
feco-oral risk that may exist.38,39
On the positive side, fecal shedding of SARS-CoV-2 can be
exploited for community surveillance of wastewater or human
waste using similar methods that would be required for risk
evaluation.22,40 Enteric pathogen, polio, and antimicrobial
resistance environmental surveillance could be leveraged,
where these have been initiated,10,41,42 but sites with no ac-
cess to sewerage, typically not used for surveillance, must
also be included. In high-risk settings, waste andwastewater-
based epidemiology could help balance sampling biases in-
herent in case- and contact-tracing–based human testing for
COVID-19 and consequently predict prevalence.42,43 It would
also preemptively identify epidemic foci and ascertain the
exact risk of community transmission via the fecal–oral route.
Indeed, it could represent a dedicated strategy to protect the
poor and marginalized in whom outbreaks in this pandemic
have typically been detected with significant lags.44 Although
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much is focused on the current emergency, the potential risk
from feco-oral SARS-CoV transmission should motivate and
even initiate concrete steps toward lasting wastewater and
sewage systems wherever possible. This would leave a
post–COVID-19 development legacy that could impact dis-
ease transmission, extend the value of other disease control
strategies,45 and improve the quality of life in the long term.
Received May 12, 2020. Accepted for publication May 29, 2020.
Published online June 9, 2020.
Acknowledgment:Publicationcharges for this articlewerewaiveddue
to the ongoing pandemic of COVID-19.
Financial support: I. N. O. is an African Research Leader award sup-
ported by the UK Medical Research Council (MRC) and the UK De-
partment for International Development (DFID) under the MRC/DFID
Concordat agreement that is also part of the EDCTP2 program sup-
ported by the European Union.
Authors’ addresses: Erkison E. Odih, Department of Pharmaceutical
Microbiology, Faculty of Pharmacy, University of Ibadan, Ibadan,
Nigeria, andDepartment of Veterinary andAnimal Sciences, Faculty of
Health and Medical Sciences, University of Copenhagen, Copenha-
gen,Denmark, E-mail: erkisonodih@gmail.com.AyorindeO.Afolayan,
IfeOluwa Akintayo, and IrukaNOkeke, Department of Pharmaceutical
Microbiology, Faculty of Pharmacy, University of Ibadan, Ibadan,
Nigeria, E-mails: afolayanayorinde@gmail.com, akintayoife94@gmail.
com, and iruka.n.okeke@gmail.com.
This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits un-
restricted use, distribution, and reproduction in anymedium, provided
the original author and source are credited.
REFERENCES
1. LamersMMet al., 2020. SARS-CoV-2 productively infects human
gut enterocytes. Science doi: 10.1126/science.abc1669.
2. Chen Y et al., 2020. The presence of SARS-CoV-2 RNA in the
feces of COVID-19 patients. J Med Virol doi: 10.1002/jmv.25825.
3. Xu Y et al., 2020. Characteristics of pediatric SARS-CoV-2 in-
fection and potential evidence for persistent fecal viral shed-
ding. Nat Med 26: 502–505.
4. WHO, 2020.Modes of Transmission of Virus Causing COVID-19:
Implications for IPC Precaution Recommendations: Scientific
Brief, 27 March 2020. Geneva, Switzerland: World Health
Organization.
5. Wu Y et al., 2020. Prolonged presence of SARS-CoV-2 viral RNA
in faecal samples. Lancet Gastroenterol Hepatol 5: 434–435.
6. Jiang X, Luo M, Zou Z, Wang X, Chen C, Qiu J, 2020. Asymp-
tomatic SARS-CoV-2 infected casewith viral detectionpositive
in stool but negative in nasopharyngeal samples lasts for
42 days. J Med Virol doi: 10.1002/jmv.25941.
7. Bonato G, Dioscoridi L, Mutignani M, 2020. Faecal-oral trans-
mission of SARS-COV-2: practical implications. Gastroenter-
ology doi: 10.1053/j.gastro.2020.03.066.
8. GreenCA,QuraishiMN, Shabir S, SharmaN, HansenR,GayaDR,
Hart AL, Loman NJ, Iqbal TH, 2020. Screening faecal micro-
biota transplant donors for SARS-CoV-2 by molecular testing
of stool is the safestway forward.LancetGastroenterol Hepatol
5: 531.
9. Troeger C, Blacker BF, Khalil IA, Rao PC, Cao S, Zimsen SR,
Albertson SB, Stanaway JD, Deshpande A, Abebe Z, 2018.
Estimates of the global, regional, and national morbidity, mor-
tality, and aetiologies of diarrhoea in 195 countries: a system-
atic analysis for the global burden of disease study 2016.
Lancet Infect Dis 18: 1211–1228.
10. Johnson Muluh T, Hamisu AW, Craig K, Mkanda P, Andrew E,
Adeniji J, Akande A, Musa A, Ayodeji I, Nicksy G, 2016. Con-
tribution of environmental surveillance toward interruption of
poliovirus transmission in Nigeria, 2012–2015. J Infect Dis 213:
S131–S135.
11. Longe E, Ogundipe A, 2010. Assessment of wastewater dis-
charge impact from a sewage treatment plant on lagoon water,
Lagos, Nigeria. Res J Appl Sci Eng Technol 2: 274–282.
12. Adeniji JA, Faleye TO, 2014. Isolation and identification of enter-
oviruses from sewage and sewage-contaminated water in
Lagos, Nigeria. Food Environ Virol 6: 75–86.
13. Manzo OL, Saidou H, Illiassou SA, Idrissa ST, 2015. Assessment
of domestic wastewater management practices in the com-
munal district I of Maradi city, Niger Republic. J Geosci Environ
Prot 3: 57–65.
14. Doron A, Jeffrey R, 2018.Waste of a Nation: Garbage andGrowth
in India. Cambridge, MA: Harvard University Press.
15. Editorial, 2018. We need to talk about crapping. Nat Microbiol
3: 1189.
16. WHO, 2015. Progress on Sanitation and Drinking Water: 2015
Update and MDG Assessment. Geneva, Switzerland: World
Health Organization: WHO/UNICEF Joint Water Supply Sani-
tation Monitoring Programme.
17. Moreira NA, Bondelind M, 2017. Safe drinking water and water-
borne outbreaks. J Water Health 15: 83–96.
18. Gwimbi P, George M, Ramphalile M, 2019. Bacterial contamina-
tion of drinking water sources in rural villages of Mohale Basin,
Lesotho: exposures through neighbourhood sanitation and
hygiene practices. Environ Health Prev Med 24: 33.
19. Karkey A et al., 2010. The burden and characteristics of enteric
fever at a healthcare facility in a densely populated area of
Kathmandu. PLoS One 5: e13988.
20. Gupta BP, Haselbeck A, Kim JH, Marks F, Saluja T, 2018. The
dengue virus in Nepal: gaps in diagnosis and surveillance. Ann
Clin Microbiol Antimicrob 17: 32.
21. Kabwama SN et al., 2017. A large and persistent outbreak of
typhoid fever caused by consuming contaminated water and
street-vended beverages: Kampala, Uganda, January–June
2015. BMC Public Health 17: 23.
22. Lodder W, de Roda Husman AM, 2020. SARS-CoV-2 in waste-
water: potential health risk, but also data source. Lancet Gas-
troenterol Hepatol 5: 533–534.
23. Liu Y et al., 2020. Aerodynamic analysis of SARS-CoV-2 in two
Wuhan hospitals. Nature doi: 10.1038/s41586-020-2271-3.
24. La Rosa G, Bonadonna L, Lucentini L, Kenmoe S, Suffredini E,
2020. Coronavirus in water environments: occurrence, persis-
tence and concentration methods - a scoping review. Water
Res 179: 115899.
25. Wang XW et al., 2005. Concentration and detection of SARS
coronavirus in sewage from Xiao Tang Shan hospital and the
309th hospital. J Virol Methods 128: 156–161.
26. Gundy PM, Gerba CP, Pepper IL, 2009. Survival of coronaviruses
in water and wastewater. Food Environ Virol 1: 10.
27. Mallapaty S, 2020. How sewage could reveal true scale of coro-
navirus outbreak. Nature 580: 176–177.
28. Rimoldi SG et al., 2020. Presence and vitality of SARS-CoV-2
virus in wastewaters and rivers. medRxiv doi: 10.1101/
2020.05.01.20086009.
29. Zhang D et al., 2020. Potential spreading risks and disinfection
challenges of medical wastewater by the presence of Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
viral RNA in septic tanks of fangcang hospital. medRxiv doi:
10.1101/2020.04.28.20083832.
30. Tian Y, Rong L, Nian W, He Y, 2020. Review article: gastrointes-
tinal features in COVID-19 and the possibility of faecal trans-
mission. Aliment Pharmacol Ther 51: 843–851.
31. Heller L, Mota CR, Greco DB, 2020. COVID-19 faecal-oral trans-
mission: are we asking the right questions? Sci Total Environ
729: 138919.
32. Yeo C, Kaushal S, Yeo D, 2020. Enteric involvement of corona-
viruses: is faecal-oral transmission of SARS-CoV-2 possible?
Lancet Gastroenterol Hepatol 5: 335–337.
33. MengX,HuangX, ZhouP, Li C,WuA, 2020.Alert for SARS-CoV-2
infection caused by fecal aerosols in rural areas in China. Infect
Control Hosp Epidemiol doi: 10.1017/ice.2020.114.
34. Okeke IN, 2011. Divining without Seeds: The Case for Strength-
ening Laboratory Medicine in Africa. Ithaca, NY: ILR/ Cornell
University Press.
35. Karkey A et al., 2016. The ecological dynamics of fecal contami-
nation and Salmonella Typhi and Salmonella Paratyphi A in
556 ODIH AND OTHERS
municipal Kathmandu drinking water. PLoS Negl Trop Dis 10:
e0004346.
36. Rodrı´guez RA, Gundy PM, Rijal GK, Gerba CP, 2012. The impact
of combined sewage overflows on the viral contamination of
receiving waters. Food Environ Virol 4: 34–40.
37. Corburn J et al., 2020. Slum health: arresting COVID-19 and im-
proving well-being in urban informal settlements. J Urban
Health doi: 10.1007/s11524-020-00438-6.
38. Yu IT, Li Y, Wong TW, TamW, Chan AT, Lee JH, Leung DY, Ho T,
2004. Evidence of airborne transmission of the severe acute
respiratory syndrome virus. N Engl J Med 350: 1731–1739.
39. McKinney KR, Gong YY, Lewis TG, 2006. Environmental trans-
mission of SARS at amoy gardens. J Environ Health 68: 26–30.
40. Senghore M, Savi MK, Gnangnon B, Hanage WP, Okeke IN,
2020. Leveraging Africa’s preparedness towards the next
phase of the COVID-19 pandemic. Lancet Glob Health doi:
10.1016/S2214-109X(20)30234-5.
41. Hendriksen RS et al., 2019. Global monitoring of antimicrobial
resistance based onmetagenomics analyses of urban sewage.
Nat Commun 10: 1124.
42. Hendriksen RS et al., 2019. Pathogen surveillance in the informal
settlement, Kibera, Kenya, using a metagenomics approach.
PLoS One 14: e0222531.
43. Murakami M, Hata A, Honda R, Watanabe T, 2020. Letter to the
editor: wastewater-based epidemiology can overcome repre-
sentativeness and stigma issues related to COVID-19. Environ
Sci Technology 54: 5311.
44. von Braun J, Zamagni S, Sorondo MS, 2020. The moment to see
the poor. Science 368: 214.
45. Delahoy MJ, Ca´rcamo C, Ordoñez L, Vasquez V, Lopman B,
Clasen T, Gonzales GF, Steenland K, Levy K, 2020. Impact of
rotavirus vaccination varies by level of access to piped water
and sewerage: an analysis of childhood clinic visits for diar-
rhea in Peru, 2005–2015. Pediatr Infect Dis J doi: 10.1097/
INF.0000000000002702.
SANITATION SHORTFALLS RISK SARS-CoV-2 FECO-ORAL TRANSMISSION 557
